In the School of Mathematics at the University of Birmingham, mechanics is taught as part of a first year module which is taken by both single and joint honours students. The first half of this 22-hour module is an introduction to one-dimensional dynamical systems; the second half is an introduction to Newtonian mechanics which covers, Newton's laws, kinetic energy, potential energy and energy conservation, polar co-ordinates, projectile motion, variable mass systems (i.e. rocket ships), oscillating systems (undamped, damped, and forced), orbits and Kepler's Laws. For students with little or no background in mechanics, the above syllabus is very challenging. This challenge is considerably reduced once it is accepted that Newton's second law is simply a second order vector-valued ordinary differential equation which must be solved according to specified initial conditions [2, 3] . The above syllabus was taught using the traditional lecture approach combined with small group tutorials.
Motivation
There is much more to the study of mechanics then simply remembering Newton's second law of motion which states that 'F=ma' . Nevertheless, the transition between ALevel mechanics and university level mechanics can best be described in terms of this equation. At the university level, force and acceleration are treated as vector quantities and the statement 'F=ma' is a second order vector-valued ordinary differential equation. At A-Level 'F=ma' is also a vector-valued equation, but the equations of motion are generally uncoupled so that, for example, the horizontal equations of motion can be solved independently of the vertical equation of motion. For most A-Level students, solving 'F=ma' involves employing formulas which are valid for situations where the acceleration 'a' is constant, as opposed to solving a second order differential equation.
The motivation for conducting the two case studies reported below came from observing coursework solutions to the following two questions: Q1: A plane, which is flying horizontally at a constant speed v 0 and at a height h above the sea must drop a bundle of supplies of mass m to a castaway on a small raft. Write down Newton's second law for the bundle as it falls from the plane, assuming that you can neglect air resistance. Solve to give the bundle's position as a function of time t assuming that the bundle is dropped with negligible horizontal velocity.
Q2: A ball is dropped from rest over the edge of a tall cliff and is subject to quadratic air resistance. What is the terminal fall speed v ter of the ball? The same ball is thrown vertically upwards from y = 0 with initial speed v 0 and is again subject to quadratic air resistance. Write down an equation of motion for the upward motion of the ball and show that the maximum rise height is given by:
. These questions are examples of simple projectile motion, with and without air resistance, and the solution procedures were clearly detailed in lectures. Q1 is relatively straightforward and can be answered using standard A-Level formulas without having to solve a differential equation. Q2 can only be fully answered by solving a differential equation. The interesting observation was that there was a correlation between students who used a standard formula of the form: to answer Q1, who then either used the same formula to answer Q2 or who did not attempt Q2. The solution procedure for Q1 that was taught during lectures was to write down the components of Newton's second law as second order differential equations and then to solve these equations according to the appropriate initial conditions. The students who followed this approach, performed significantly better on question Q2 than the students who attempted to use a formula they learned from A-Level mechanics.
Objectives
The overall objective of this project was to continue [1, [3] [4] [5] [6] and promote future discussion about mechanics education. As noted above, the current study was motivated by the observation that a number of students, who, it can only be assumed studied mechanics at A-Level, found it difficult to make the transition to university-level mechanics. This raised the question: "is it an advantage to have studied mechanics at A-Level?" One would hope that the answer to this question would be "Yes", but it was decided to put the question to the test. It was decided to examine performance in mechanics at the first year university level in comparison with previous mechanics experience.
The format of the following case studies was to ask students to voluntarily fill in a questionnaire detailing their previous mechanics/academic history, and then compare this data with subsequent performance on the final examination. Ideally, the study would have involved diagnostic testing of the students' level of mechanics understanding before the start of the course, and comprehensive testing of their mechanics understanding at the end of the course. Due to time constraints this was not feasible. The mechanics questions on the final examinations upon which the studies below are based were chosen to be of comparable difficulty and scope to examinations in previous years.
Case Study 1
The first case study was performed in the spring term of the 2005/2006 academic year. Students were asked to complete a questionnaire detailing their results at A-and AS-Level in Mathematics, Further Mathematics, and Physics, as well as indicating which A-Level modules they had completed in Pure, Statistics, Mechanics and Discrete Mathematics. The students were also asked to indicate the marks they received in their various A-Level mathematics modules. The questionnaire was designed to provide as much detail about student background as possible but in retrospect, the questionnaire probably asked for too much detail. Very few indicated the marks for their A-Level mathematics modules. The questionnaires were anonymous.
In total, 94 correctly completed questionnaires were received from a total class size of 206 (of which approximately 30 did not attend the lecture during which the questionnaire was distributed.) This disappointing submission rate is perhaps partially due to the complexity of the initial questionnaire. It is also due to the fact that over 20 questionnaires were completed by overseas students, who had to be excluded since the questionnaire was not relevant to their background experience. Also, 17 questionnaires were completed, but excluded in the results below, since the students omitted their student number, and hence, it would not be possible to correlate their first year mechanics performance with their previous experience.
The exam questions (copies of which are available on request) were chosen to cover a full cross-section of the mechanics syllabus, including a mixture of material that should have been familiar to those who studied mechanics at A-Level, and material which was first introduced to the students at university. The overall results are presented in Tables 1-5 below. Each table includes the total number of students in each particular classification, the average mark of these students on the mechanics portion of the exam, and the average mark on the exam as a whole (i.e. including questions on dynamical systems). Table 1 presents results as a function of the number of mechanics modules studied at A-Level. Table 2 presents results as a function of student performance in A-Level Mathematics. Table 3 presents results as a function of student performance in A-Level
Reflections upon the teaching of Mechanics to first year university students -David Leppinen Further Mathematics. The results in Tables 1-5 provide many insights. First, Table 1 indicates improved mechanics and overall performance as the number of A-Level modules in mechanics is increased.
Second, it is probably not surprising that there is a direct relationship between the final examination mark and ALevel mathematics performance (see Table 2 ). This trend is again seen in performance at A-Level Further Mathematics (Table 3) and A-Level Physics ( 
Case Study 2
The second case study was performed in the spring term of the 2006/2007 academic year. Students were asked to complete a simplified version of the questionnaire used in Case Study 1, with the additional of the two following questions: 1) Do you think you have a good background in mechanics? 2) Do you like mechanics? The students were asked to rate these questions on a five point scale. The addition of these questions meant that information could be acquired from students who did not have any A-Levels (which in most cases meant overseas students). In total, 136 questionnaires were correctly completed out of a class of 199. As in Case Study 1, student performance on the final examination was compared against the questionnaires. The overall results from Case Study 2 are comparable to Case Study 1 in terms of student background and how this correlated to student performance. (Full statistics are available from the author). Herein we will concentrate on the additional questions in the questionnaire. Reflections upon the teaching of Mechanics to first year university students -David Leppinen One of the most important observations from Tables 6 and  7 is with regards to students' perception of their mechanics background, and their opinion of mechanics. On average the students perceive their background in mechanics as being between "Good" and "Fair" (slightly closer to "Good") while their opinion of mechanics is exactly half way in between "Like" and "Indifferent". While these results are not stunning endorsements for mechanics, they do indicate that students enjoy mechanics more than had been anticipated, and that students realize that their background in mechanics is not as high as it perhaps should be. There is a reasonable correlation between student performance in mechanics and their opinion of mechanics, with the one student indicating a strong dislike of mechanics being the obvious anomaly. With regards to student background in mechanics, the situation is somewhat less clear. The 39 students who claimed to have a "Fair" background in mechanics out-performed (on average) the 22 students who claimed to have a "Very Good" background and the 48 people who claimed to have a good background. This perhaps indicates that efforts made during the 2006/2007 academic year to make mechanics accessible to people of all mechanics background were partially successful.
Conclusions
The overall conclusions from the current study are a mix between the expected and the informative:
C1: The obvious conclusion is that students who do well in Maths, Further Maths, and Physics at A-Level are then mostly likely to do well at mechanics at university. This is reassuring in that it is the expected result and thus provides some validity to the survey, however, the reality is that the intake at most universities will not be AAA in Maths, Further Maths and Physics. It is vital that a first year course in mechanics should accommodate the full spectrum of student learners by providing the opportunity to study an immensely important topic in a manner that is accessible to all.
C2: The transition to university-level mechanics is challenging, and more time should be allocated to mechanics at the first year level.
C3: There is some evidence that teaching mechanics at university-level assuming no previous background knowledge is a successful approach. This is not to say that students should not be encouraged to study mechanics at A-Level; any enthusiast of mechanics would strongly encourage students to study the subject at A-Level. The key point is the acceptance of the statement that the key transition from A-Level mechanics to university-level mechanics is that Newton's Second Law should be treated as a vector-valued second order ordinary differential equation. Students who accept this statement, and who have the appropriate background, can succeed at mechanics regardless of their A-Level experience.
C4: Perhaps the most enlightening finding is the student responses from Case Study 2 of their perception of their background knowledge of mechanics versus whether or not they claimed to like mechanics. More students admitted to liking mechanics might have been anticipated on the basis of anecdote, and they acknowledged that their background was not as strong as it should be. The implication is that perhaps students are avoiding mechanics at A-Level (or not taking as many modules as they might like) because it is perceived to be difficult, but that they realize that it is important. More can and should be done at first year level in university to force students to genuinely learn mechanics. The transition between A-level mechanics and universitylevel mechanics is very challenging indeed. The transition is all the more challenging since not all A-level students receive the same level of teaching in mechanics. Students should be encouraged to study as many modules in A-level as possible, however, a university-level course should be designed to accommodate students who have no, or a weak, background in mechanics. The results of the current survey suggest that students recognise the importance of mechanics, but that more should be done to support students in this area. 
